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Summary
A characterization of the Bulgarian grapevine genepool
(Vitis vinifera L. cultivars) was initiated through
microsatellite analysis. Seventy four wine and table grape-
vine varieties from the National List of Cultivars, were
analyzed at 9 microsatellite loci: VVS2, ssrVvUCH11,
ssrVvUCH 29, ssrVrZAG21, ssrVrZAG47, ssrVrZAG62,
ssrVrZAG64, ssrVrZAG79 and ssrVrZAG83. The high
genetic diversity (78 %) allowed accurate identification
and discrimination of the cultivars. The low PI value
(1.201 x 10-8) reflects the high discriminative power of the
chosen set of markers for the investigated population. Based
on the microsatellite allele data, two pairs of old native vari-
eties, Misket Cherven and Misket Vrachanski; Tamyanka
and Tamyanka tvarda, were considered distinct cultivars.
The synonymy of (i) Tamyanka, Italian Moscato Bianco and
Greek Moschato Kerkyras and (ii) Pamid and Greek Pamidi
was verified, while the putative synonymy of Mavrud and
Greek Mavroudi Arachovis was rejected. Further utiliza-
tion of microsatellite profiling in the management of the
Bulgarian grapevine genepool is discussed.
K e y    w o r d s :  SSR, microsatellite, Vitis vinifera L, cultivar
identification.
Introduction
Grapevine cultivation and winemaking in Bulgaria dates
back to the times of ancient Thrace. Due to its location at the
crossroads between Asia and Europe, to diverse soil and
climatic conditions and to social and political changes
(change of frontiers, migration, large scale grapevine culti-
vation by cooperative farms during the second half of the
last century), many different grape varieties have been cul-
tivated in Bulgaria. Today, the National List of Cultivars of
Bulgaria includes nearly 100 varieties. Many others, which
are not officially registered, are cultivated on small private
farms. Nowadays, the genetic pool of commercially culti-
vated grapevines in Bulgaria consists of old native varie-
ties, more recently introduced widespread European cultivars
and locally selected cultivars. The last group derived from
crosses between old native Bulgarian varieties or outcrosses
with other European cultivars. The intensive renewal of grape-
vine plantations, implementation of EU regulations and re-
shaping of national viticulture and wine industries taking
place at present, require application of more efficient and
reliable methods for cultivar identification and germplasm
management. Considering the present social changes, ur-
gent and well targeted efforts have to be made for better
evaluation, preservation and utilization of the genetic re-
sources of grapevine. Responding to demands for the im-
provement of viticulture in Bulgaria, the AgroBioInstitute in
Sofia established a modern grapevine germplasm collection
including the varieties from the National List of Cultivars
and initiated a program for collection and genetic characteri-
zation of native and new valuable grape germplasm.
The development and use of microsatellites in grape-
vine was reviewed by SEFC et al. (2001).
During the past few years, the analysis of microsatellite
alleles was proved to be a powerful method for identifica-
tion of cultivars and evaluation of genetic diversity (THO-
MAS et al. 1993; THOMAS and SCOTT 1993; SEFC et al. 1998,
2000, 2003; MALETIC et al. 1999; REGNER et al. 2000; LEFORT
and ROUBELAKIS-ANGELAKIS 2001; PELLERONE et al. 2001;
LABRA et al. 2002), verification of synonyms (LOPES et al.
1999; CRESPAN and MILANI 2001; SCHNEIDER et al. 2001), par-
entage analyses (BOWERS and MEREDITH 1997; SEFC et al.
1997; BOWERS et al. 1999; PILIAC et al. 2002).
This work presents the genotyping of Bulgarian grape-
vine cultivars, using microsatellite markers. The Bulgarian
V. vinifera L. cultivars listed in the National List of Cultivars
and presented in the grapevine collection of AgroBioInsti-
tute, Sofia were analyzed at 9 microsatellite loci. The deter-
mined genetic diversity and relationships between cultivars,
as well as the application of the obtained data for cultivar
identification are discussed.
Material and Methods
P l a n t   m a t e r i a l :  Seventy-four cultivars and
2 clones were sampled in the Vitis vinifera collection lo-
cated at the AgroBioInstitute, Sofia, Bulgaria.
D N A   e x t r a c t i o n :  Young leaves were collected,
frozen in liquid nitrogen and ground to fine powder. DNA
was isolated according to LEFORT and DOUGLAS (1999).
P C R   a n d   m i c r o s a t e l l i t e   a n a l y s i s :  The
following 9 microsatellite loci were used for the microsatellite
profiling: ssrVvUCH11, ssrVvUCH 29 (LEFORT et al. 2002),
ssrVrZAG 21, ssrVrZAG47, ssrVrZAG62, ssrVrZAG64,
ssrVrZAG79, ssrVrZAG83 (SEFC et al. 1999) and VVS2 (THO-
MAS and SCOTT 1993). PCR reaction was performed in GeneAmp
PCR System 9700 (Applied Biosystem) in 20 µl reaction mix-
ture containing 50 ng DNA, 1 µM of each primer,100 µM of
each dNTPs, 1.5 mM MgCl2 and 1U of Taq polymerase and
applied PCR buffer (Amersham Biosciences). In all cases,
the forward primer was labeled with Cy-5fluor label
(Amersham Biosciences). The following PCR conditions
were applied for all loci: 95 °C for 5 min, 10 cycles of 15 s at
50 °C (58 °C for ssrVrZAG64 and ssrVvUCH29, 65 °C for
ssrVvUCH11), 15 s at 94 °C, followed by 23 cycles of 15 s at
50 °C (58 °C for ssrVrZAG64 and UCH29, 65 °C for
ssrVvUCH11), 15 s at 89 °C, and, terminated immediately at
4 °C. Fragment analysis of the obtained PCR products was
carried out on an ALF Express II sequencer (Amersham
Biosciences) and alleles were sized with the software Allele
Locator 1.03 (Amersham Biosciences). Internal size stand-
ards were produced by amplification of PUC19 fragments
with sizes 100, 150, 200, 250, 300, 350, 400, 450, 500 bp. Iden-
tity 1.0 (WAGNER and SEFC 1999) was used for calculation of
allele frequencies, expected and observed heterozygosity,
probability of null alleles and probability of identity. The
phenogram was constructed using Microsat software
(MINCH et al. 1997) for calculation of genetic distances in
[-log(proportion of shared alleles)]. The distance matrix ob-
tained from Microsat was processed with KITSCH from the
PHYLIP package (FELSENSTEIN 1989) and TreeView (PAGE
1996).
Results and Discussion
Seventy-four grapevine varieties of the Bulgarian Na-
tional List of Cultivars, were genotyped at 9 nuclear
microsatellite loci. The cultivar set consisted of 10 native
varieties, 58 selected local cross-breds and 6 international
cultivars (Tab. 1). Two clones from the native varieties
Mavrud and Dimyat were analyzed as well. A few interna-
tional cultivars were included in this study in order to vali-
date microsatellite analysis through comparison with pub-
lished results. This also allowed a direct study of the rela-
tionship between native Bulgarian and international
cultivars.
A comparison of the detected microsatellite profiles dem-
onstrated a high genetic diversity of the analyzed geno-
types. All cultivars were found to have unique allelic pro-
files. The microsatellite profiles of the investigated cultivars
are presented in Tab. 2 and are also available on: http//
www.bulgenom.abi.bg (RUSANOV et al. 2003). The selected
SSR markers revealed a high degree of polymorphism among
the tested cultivars. The number of alleles ranged from 4 per
locus ssrVrZAG83 to 10 per loci VVS2, ssrVrZAG64,
ssrVrZAG79 and ssrVvUCH11 (Tab. 3). The mean number of
alleles per locus was 8.1, which was higher than the value
observed for the same loci by LEFORT and ROUBELAKIS-
ANGELAKIS (2001). This is most probably due to the high
proportion of selected cross-bred cultivars among the tested
genotypes, which were derived from crosses between na-
tive Bulgarian varieties or outcrosses with international
cultivars. A comparison of the utilized SSR markers with re-
gard to their information content (number of alleles and PI
value) showed that the most informative loci for investi-
gated cultivars were ssrVrZAG79 with PI 0.06 and10 alleles
and VVS2 with PI 0.09 and10 alleles respectively. The higher
information content of locus ssrVrZAG79 was reported for
Austrian, Italian and Greek sets of cultivars (SEFC et al. 1999,
2000; LEFORT and ROUBELAKIS-ANGELAKIS 2001; ZULINI et al.
2002). The loci ssrVrZAG83 (PI 0.25 / 4 alleles), ssrVrZAG21
(PI 0.20 / 8 alleles) and ssrVvUCH11 (PI 0.19 / 5 alleles) were
found to be less informative in this study. The determined PI
values were comparable with the values observed after their
determination in other European grapevine populations (SEFC
et al. 2000; LEFORT and ROUBELAKIS-ANGELAKIS 2001). The
calculated cumulative probability to obtain individuals with
identical profile at all 9 loci was 1.201 x 10-8, which corre-
sponds to a statistical potential to distinguish 13000 unre-
lated cultivars. This low PI value reflects the high discrimi-
native power of the chosen set of markers for the investi-
gated population.
The estimated values of the expected heterozygosity of
the studied loci range from 0.70 at locus ssrVrZAG83 to 0.85
at locus ssrVrZAG79 with a mean value of 0.78. Correspond-
ingly, the observed heterozygosity (the percentage of het-
erozygous individuals among all tested ones) varies between
0.60 at locus ssrVrZAG 83 to 0.89 at locus ssrVrZAG 64, with
a mean value of  0.77 (Tab. 3). The observed heterozygosity
is higher than the expected one at the 4 loci ssrVrZAG 47,
ssrVrZAG 62, ssrVrZAG 64 and ssrVvUCH11, it was lower at
the loci ssrVrZAG 21 and ssrVvUCH29, and significantly
lower for the loci ssrVrZAG 79 and ssrVrZAG 83. The higher
positive values of the estimated probability of null alleles
for the last two loci (0.083 and 0.057, Tab. 3), could explain
the described substantial lower values of the observed het-
erozygosity. High positive values of probability of null alleles
at the loci ssrVrZAG 79 and ssrVrZAG 83 were reported also
by LOPES et al. (1999); LEFORT and ROUBELAKIS-ANGELAKIS
(2001) and ZULINI et al. (2002). The observed heterozygote
deficiency could also be a result of the constrains of breed-
ing techniques employed during the development of the
cultivars, as proposed by SEFC et al. (1999).
In order to characterize further the structure of Bulgar-
ian grapevine genepool, a phenogram based on the genetic
similarity of the investigated varieties was constructed (Fig-
ure). The high genetic diversity allows discrimination of all
analyzed cultivars using the selected set of microsatellite
markers. In contrast, the two clones, Mavrud 1 and Mavrud 2,
derived from the old native variety Mavrud, have identical
alleles at all tested loci. Similarly the clone Dimyat 4/24 showed
the same allelic profile as the native variety Dimyat. The
phenogram demonstrated an evenly distribution of the na-
tive Bulgarian cultivars, as three of them, Misket cherven,
Mavrud and Pamid, are plotted within a large cluster with
the international cultivars Cabernet Sauvignon, Chardonnay,
Merlot, Pinot noir. Although the phenogram indicates more
genetic similarity rather than kinship (SEFC et al. 1999;
PELLERONE et al. 2001), most of the offspring cultivars are
grouped close to their parental varieties. For example, the
cultivars Trakijska slava (Mavrud x Pamid), Buket (Mavrud
x Pinot noir), Evmolpia (Mavrud x Merlot), Kuklenski mavrud
(Mavrud x Supersaver) are placed close to the parent
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T a b l e  1
Grapevine cultivars investigated: white (B), red and black (N), table (T), wine (W). Accession numbers are according to the V.vinifera L.
collection of ABI. ID numbers of Bulgarian cultivars presented in the European Vitis database are shown
Local native cultivars Berry Use Accession ID
colour number
    Bolgar B T 53
    Dimyat B W 36 14687
    Gamza N W 5
    Mavrud cl.1 B W 6
    Mavrud cl.2 B W 6B
    Misket Cherven B W 37 25986
    Misket Vrachanski B W 38
    Pamid N W 8 1313
    Shiroka Melnishka N W 7
    Tamyanka B W 32
    Zarchin N W 9
Local cross-bred cultivars
    Afrodita B T 94
    Aheloj B W 48 2329
    ArmiraB T 59
    Buket N W 11 2111
    Brestovitsa B T 61
    Cherna Perla N T 79
    Chernomorski Brilyant B W 52
    Chernomorski Eleksir B W 51
    Diana B T 62
    Dimyat cl.4/24 B W 36B
    Druzhba B T 70 1691
    Dunav N T 82
    Evmolpiya N W 14
    Hebros N W 21 978
    Hybrid 42/82 N T 107
    Hybrid 52/41 N T 105
    Hybrid 53/12 N T 106
    Hybrid 53/7 N T 104
    Hybrid VI-4 B T 88 14209
    Kamchiya B W 44 1235
    Kondarev B T 102 72
    Kondarev 6 B T 91
    Kondarev 10 N T 100
    Lyubimets N T 80
    Maritsa N T 83
    Mavrud Kuklenski N W 15
    Mechta B T 69
    Melnishki Rubin N W 18
    Misket Plevenski N T 77
    Misket Rusenski N T 78
    Misket Sandanski B W 41 1238
    Misket Sungurlarski B W 42
    Misket Trakijski B T 67 2046
    Misket Varnenski B W 39 1236
    Nadezhda B T 58
    Naslada B T/W 71 107
    Orfej B W 49
    Plovdivska Malaga N W 101
    Pomorijski Biser B W 47
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Table 1, continued
Local native cultivars Berry Use Accession ID
colour number
    Prista B T 65
    Pyrvenets N T 84
    Ranna Melnishka N W 17
    Ranno bez seme B T 92
    Riesling BulgarianB W 45 1302
    Rubin N W 12 2180
    Rusalka B T 89
    Rusalka cl.1 B T 90
    Rusalka cl.3 N T 99
    Rusensko bez seme B T 93
    Rusensko Edro B T 64
    Ryahovo B T 66
    Siyana N T 103
    Sredets N T 85
    Super ran Bulgar B T 57 1304
    Ticha N T 86
    Trakijska Slava N W 19 985
    Velika N T 81
    Veren B T 63
    Vita B T 98
International cultivars
    Cabernet Sauvignon cl.R5 N W 1
    Chardonnay cl.6/24 B W 25
    King Ruby N T 95
    Merlot cl.ENTAV 181 N W 2
    Michele Palieri N T 75
    Pinot Noir cl.ENTAV 115 N W 3
Mavrud. For these known parentages the microsatellite pro-
files of the offsprings were in agreement with those of known
parents.
The obtained data allowed to identify several varieties.
Due to the similarities of the ampelographic characteristics
and names, two of the native Bulgarian cultivars: Misket
cherven and Misket Vrachanski, were suspected to be closely
related. Microsatellite analysis showed that they share only
38 % of the allele profiles and are placed in two different
large clusters in the phenogram. On the other hand, in sev-
eral regions of Bulgaria Misket Vrachanski is grown under
the name Tamyanka Tvarda (translated: Tamyanka Hard),
which rises the possibility for this cultivar to be a synonym
of the old variety Tamyanka. Although both cultivars, Misket
Vrachanski and Tamyanka are plotted quite closely in the
phenogram they only shared 83 % of studied alleles and
were considered distinct varieties.
Since similar microsatellite loci were used to character-
ize native cultivars grown in other countries, it allows a di-
rect evaluation of genetic similarity with the studied Bulgar-
ian native cultivars. Thus a comparison of the data obtained
from this study with those from the Greek Vitis Microsatellite
Database (LEFORT and ROUBELAKIS-ANGELAKIS 2001) demon-
strates that the analyzed native Bulgarian variety Mavrud is
homonym with the Greek cultivar Mavroudi Arachovis, dif-
fering at 7 out of 9 loci. On the contrary, the other two native
cultivars, Bulgarian Pamid and Greek Pamidi, having identi-
cal allele profiles, were found to be synonyms. Based on
ampelographic studies, it was considered that another na-
tive Bulgarian variety, Tamyanka, which was supposed to
originate from Asia Minor had several synonyms in other
European countries, e.g. Moscato Bianco in Italy, Muscat
de Frontignan in France and Muscadel Menude Blanco in
Spain. A comparison of microsatellite profiles of Tamyanka
and Moscato bianco at 6 loci (CRESPAN and MILANI 2001),
and Tamyanka and Greek Moschato Kerkyras at 9 loci
(LEFORT and ROUBELAKIS-ANGELAKIS 2001) indicated that
these three cultivars are identical. No clear synonymy and
homonymy data were found for the other native Bulgarian
cultivars involved in this study, Shiroka Melnishka, Gymza,
Zarchin, Misket Cherven, Misket Vrachanski and Dimyat.
The results of this study allow a reliable identification
of all analyzed cultivars of the Bulgarian National List of
Cultivars. The described data demonstrate the high genetic
diversity within the Bulgarian grapevine genepool. A
microsatellite-based characterization, management and uti-
lization of the Bulgarian grapevine resources were initiated
with the present work. Further collection and study of ge-
netic relationship of native grapevine germplasm are in
progress.
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T a b l e  3
Genetic parameters of 9 microsatellite loci used for analysis of 74 grapevine cultivars: the number of alleles, expected (He)
and observed (Ho) heterozygosity, probability of identity (PI) and frequency of null alleles
Loci Number He Ho Probability Probability
of alleles of idendity of null
(PI) alleles
VVS2 10 0.8273 0.8243 0.093023 0.001649
SsrVrZAG21 8 0.7300 0.7162 0.205516 0.007970
SsrVrZAG47 8 0.8023 0.8243 0.122509 -0.012209
SsrVrZAG62 8 0.7836 0.8514 0.124770 -0.037985
SsrVrZAG64 10 0.8074 0.8919 0.111473 -0.046729
SsrVrZAG79 10 0.8575 0.7027 0.065356 0.083366
SsrVrZAG83 4 0.7047 0.6081 0.253210 0.056668
UCH11 5 0.7495 0.8108 0.191522 -0.034999
UCH29 10 0.7712 0.7361 0.116343 0.019821
Total 73 1.201170x10-8
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Figure: Phenogram of 74 Bulgarian V. vinifera L. cultivars and two
clones. The native varieties are given in bold and international
cultivars in italics. Since two names, Misket Vrachanski and
Tamyanka Tvarda, are used for one accession, they are only repre-
sented in the phenogram under the name Misket Vrachanski.
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